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=ORRICAL :-i COLORS FOR RR LYRAE VARIABW5

C. C. Dawla md A. ?4. co’.’.

LOS Alams Scientific Laboratory
Mivarsity of Ceiiforn4

ABSTRACT

A hydrodynamically pulsating 0.6 H@ ~del of a c~ica.1 RR Ly:ae

wariable haa been stutied w~ch a radiation transport-hydrod~aSc

c~uter program to predJct theoretical Ye and colors at aamy phases

ad to find the proper mthods for getting wan colors and the con-

sequent man ●ffective temper? ~ures. The variable Eddington :adiati~m

●pproximation m chad wea used with gray and with mltifrequency

abaorpcion coei:lcients to repmsenc the radlat~cn flew in the outer

opticaUy thin layers. Couqarison becveen obsemed and coquceti 3-7

colors indicate that these 10V Z ?opulatioc 11 models are :eascna51~#

●ccurace using King 1A composition opaci:ies. ‘.ne*dell‘mown Gke,

Giver, md Searle relation between 3-V and Te is rerrcducec. !!ea,c

colors are found by four different averaging NcS02S. The mchod

that @ves a man color aad cke ~an Y closest to the con?ulsac:zg
e

nodel was the separate iacensi::~mans of 3 and V, just as the case

for previous studies of classtcal Cepheids. The best rean fcr Z
e’

which Is Imovn for all puls:tion phases fron four color obse=faticns

of real RR Lyrae variables or from the calculdced zcde~, Ls a ti~

●verage of Te without any weighting function.
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1. mTmDIJmILW

me pti~m ~ - *C*6 *e == cOlOr Of m ~ma =t8rS, h

o-r to et the correct non-ptiatin~ teqmracure, Is s=lar to that

for Cepheids (Cox md Davis 197S). In our nodi.near dynamic -als W*

kmow the origiml nompulsatimg u =parature, md by using a mlci-

frequcncy snapshot approach with the appropriate filter respmsas,

Im this case for the UBV filters, we cm study various ways to obtti

~ colors. 7A tJIis paper we study ● model ustig nonlinear gray and

d:ifrequency hydrod;macic tramspo~ calculatias and ?opulatlon 11

(Y - .299, z - .001) Kfng M -cure opacities. Z?W discussion comcexns

the tak’ingc: cclor averages ●s well as the question, if we kom the

efftcci’.%?temperature 3: --y phases, - best co obcaia an averase

for the non-puisaci=g ce~eracurc of the wdel.

II. UE?HOD

The radiation f~ov for our k? Lyrae model is treated by a non-

●quilibfium diffusicc approximacion ‘#here the radiation field is cct

direc:ly ccupled to che =ce::al energy field as in the equilibrium

diffusion appmxi=cioc. The cethod limits to cquilibtiu= gzay cif-

fusion in optically thick zones and to streaming in optically thin

zones. The fomard peaktis of the radiation field is correctly des-

cribed using vatiable Eddington factors. In our model we use a plane

geomtry characteristic ray calculation for the Eddington factors at

●ach ti= step and for each frequency group. The mulcifrequency cal-

culation is carried out for 13 frequency groups selected so that

ionization edges and the Planck function emission are well resolved

(Datis L971). Some at:er+t has been aade to include effeccs due to
.

Line radiation as perceived to be important by Nihalas (1969). ibis

●ffect 1s hcluded using a fomlation proposed by Cassinelll and

described ‘LcOa-/is(1978).
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●pplied.

the luminosity cume. So= Zoise stt:l re=las rear lig?.t -’-’—”-—...— .

whm che ionization front 5as approached :0 1 or 2 zcnes f:c= tfie

scar’s surface. The shock ●scaping duriag the pt,ase near l>gn: tin:=;=

through light uximum :esults in the cbsematim of g ZL:e e-~ss:m.
T

Ln our wdels we ha- noc resolved the detailed at=csphe::c structure

.
durtig this phase (Hill 1972). fi,e effects che=fc= of lhe ●-dssicms
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durtzxt the phase of light~ to fisfag light are aoc treated

-tly but the ●ffects on the colors are s~cted to be -11.

Spectra using the cakd.aced structures ac =Y phases =d 30

differen= f=quency groups 8re muwdmd with the 3 imc T Skers.

b tolars b. =- are corrected %= the%= re!atiwe transparency b? *&e

for&h

B-

aa for Z!-ie cAaa$i2G -Cqheits

(197s).



-s-

FER1OD= 0:44
-04

.0

,4

,8

1,2

1,6

0.

-..

I I I I I

10U 1,2 Z,U

Fig. 1. Calculated bolometric maqnltude for three periods (P = 0!44).
Note wiggles near light minimum (see text).
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Fig. 2. Log Teff versus phase with variations in Teff calculated as

5600- 8700 K. .
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2/3. 2 = line.velocity at 4404 ~,
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Fig. 5. B-V versus log Teff calculated using gray transport structure.
Soiid line shows Oke, Giver, and Searle relation. Calj.bration
values (0) for static models at L = 38 L and Teff = 6800, 6500
and 6350 K are plotted. Squares (~) ate’acalibrationvalues with
convection. Dashed line is fitted to Kurutcz’s latest results
(unpublished).
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Fig. 6. B-V versus log Teff calculated using MF/G transport structure. Solid
line shows the Oke, Giver, and Searle relation. Calibration values
(0) for static models at L = 38 Le and Teff = 68(M),6500, and 6350 K
are plotted.
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clpstsd by Co%

in slope foz the

and Davis (1975).

The various averages of B-V

Averages over the three periods,
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Multifrequency structure as anti-

that we obtained are shown in Table 1.

for the intens%ty -ans <B~bt - <mint,

for the gray structure which is essentially the same for the multi-

frequency structure is 0.264. The average Teff calculated from the OCS

relation is 6678 Kwlthin 162 K of the model Teff (6840 K). ~~e other

UMBanSare at least 600 K low. The static fine zoned radiative model

gi-a (B-V) of .244 and aa OGS Teff of 6770. In Fig. 6 we also plot

calibration points for static models with L = 38 L@, and 6800, 6500

and 6350 K effective temperatures.

Direct averages of Teff were obtained using 100 phases over

three periods for a more reasonable a’..litulevariation of .RRLyrae

(z 1.1% and for our Hng M large mplitude model (1.8m). Teff is

determined from the relationship:

L = 4rR2 T 4* eff

where L is the multifrequency transport calculated luminosity and R*

the photospheric radius determined at T = 2/’;. The weighings used

were none, direct weighting on L and a weighting similar to that used

byLub (1977), i.e.,

The results for the l.lm model (Fig. 7), averaged over three periods

are: Teff = 6800, 7115, and 6670 K, respectively; Only the direct

luminosity weighting is well out of line, beiug high by 300 K, but
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TAMXl

● 3907 6151 -689

.2640 6678 -162

.4018 6108 -732

.4532 5925 -915
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the unwetghted mesa is the best. For our larger QIitude KSES U

model the direct Tef~ average b 500 K lou md the Lub aveeage vas

not attempted.

v. CONCLUSIONS

The slope of our (B-V), log Te relation is close to that given

by Oke, Giver, and Searle if one uses a full trausport soluticn for

the atnmsphez%c structure. It appears that an intensity man on 3

and V is the most appropriate man to use for RR Uj:ae sears as for

Cepheids.
‘rm %.nt - %llc we obtain a calculated T Vitbk

eff

about 160 It of the known nonpulsating Teff. A model calculated that

agrees in amplitude variations with M Lyrae inzpliesthat a d~rect t$a

average of Te is preferable to any other ●~eightLnp.
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